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(54) WATER-SOLUBLE RESIN COMPOSITION 



(57) A water-soluble resin composition comprising 
(1) a water-soluble resin, (2) a water-soluble crosslink- 
ing agent, (3) at least one of surface active agents se- 
lected from acetylene alcoiiols, acetylene glycols, poly- 
ethoxytates of acetylene alcohols and polyetiioxylates 
of acetylene glycols, and (4) a solvent consisting of wa- 
ter or a mixture of water and a water-soluble solvent. 
This water-soluble resin composition Is applied onto a 



resist pattern, then heated to crosslink by an acid sup- 
plied from the resist, followed by development to remove 
the non-crosslinked water-soluble resin coating layer. 
This water-soluble resin composition is excellent in 
coating characteristtes on steps of resist patterns and in 
dimensional regulation upon fining of patterns so that 
resist patterns such as trench patterns and hole pattems 
can effectively be fined. 
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Description 

Technical Field 

5 [0001] The present Invention relates to a novel water-solubie resin composition and a fine pattem-fonming material 
comprising the water-soluble resin composition. In particular, the present invention relates to a water-soluble resin 
composition which is coated on resist patterns fomied and then Crosslin ked for thickening the resist patterns t o fine 
effectively trench patterns or hole patterns and reduce the size of a space in the resist patterns without investment in 
expensive facilities such as an exposure unit for short wavelengths or a phase-shift reticle in a process for producing 

10 semiconductor devbes etc., and a fine pattem-fomning material comprising said water-soluble resin composition. 

Prior Art 

[0002] Photolithographic techniques has been traditionally usedforthe fomnation of fine elements or thefine process- 

15 ing In many fields such as the fabrication of semiconductor integrated circuits such as an LSI, the production of the 
display plane of a liquid crystal display device in an LCD panel, and the production of a circuit substrate for a themnal 
head and the like. To forni resist patterns by photolithographic techniques, various positive- or negative-working radi- 
ation-sensitive resin compositions have been used. In recent years, as higher integration of semiconductor devices, 
the width of wires and separation gaps required In a production process become Increasingly fine. To cope with this 

20 requirement, there are various attempts such as fining resist patterns with a light of shorter wavelength, forming fine 
resist patterns by means of a phase-shift reticle etc., and developing novel resists. In the conventional phototithographk: 
techniques using exposure, however, fomnation of fine resist patterns exceeding the limit of waveiengtii is difficult, and 
exposure units for short wavelengths and devices using a phase-shift rettole are expensive. Accordingly, a method of 
fonning fine patterns described below has been proposed. That is, after resist patterns are fonmed in a known method 

25 of forming patterns by using a known positive- or negative-working radiation-sensitive resin composition, a coating 
layer is applied onto the resist pattems fonried, and then the resist is heated and/or exposed to generate an acid to 
be diffused onto the coating layer By the diffused acid, the coating layer is crosslinked to thicken the resist pattems, 
and as a result, gaps in the resist patterns are thinned. Thereby the resist patterns make fine and the fine resist pattems 
below the resolution limit are effectively fonned. Various coating layer-fonning compositions usable in the above method 

30 are known (e.g. JP-A Hei5-241 348, JP-A Hel6-250379, JP-A Hei1 0-73927 etc.). 

[0003] As the composition for fomning said coating layer, a water-soluble resin composition comprising a water- 
soluble resin, a water-soluble crosslinking agent and as necessary a plasticlzer and a surface active agent and gen- 
erating crossllnking reaction in the presence of an acid has been proposed. However, the conventionally known water- 
soluble resin composition is poor in the uniformity of coating film on steps of resist pattems and is accordingly poor 

35 also In the ability to regulate the dimension of pattems upon fining thereof. Therefore, there is demand for further 
development in respect of improvement of yield. 

[0004] The object of the present Invention Is to provide a water-soluble resin composition which can be used in a 
pattern-forming method, wherein the composition is coated on resist pattems formed in a conventional method and 
the resulting coating layer is crosslinked for thrckening the resist pattems thereby effectively fining the trench pattems 
^ or hole patterns under the resolution limit, and which can form a coating layer excellent in coating characteristics on 
steps of resist patterns and In dimensional regulation of patterns upon fining thereof. 

[0005] The other object of the present invention is to provide a fine pattern-fomiing material comprising the water- 
soluble resin composition described above. 

45 Disclosure of invention 

[0006] As a result of their eagerstudy and investigation, the present Inventors found that the above-mentbned objects 
can be attained and a water-soluble resin composition, which is applied onto resist patterns after formation thereof, 
excellent in coating characteristics on steps of resist pattems and in dimensional regulation of pattems upon fining 
50 thereof can be obtained by the incorporation of a specific surface active agent to a water-soluble resin composition 
comprising a water-soluble resin and a water-soluble crosslinking agent and generating crosslinking reaction in the 
presence of an acid, thus having achieved the present Invention based on the finding. 

[0007] That is, the water-soluble resin composition of the present invention comprises a water-soluble resin, a water- 
soluble crosslinking agent, a surface active agent and a solvent and brings about crosslinking reaction in the presence 
55 of an acid, wherein as the surface active agent there is used at least one member selected from the group consisting 
of acetylene alcohols, acetylene glycols, polyethoxyiates of acetylene ateohols and polyethoxylates of acetylene gly- 
cols. 

[0008] l-lereinafter, the present invention is described in more detail. 
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[0009] The water-soluble resin used in the water-soluble resin composition of the present invention may be any 
Icnown conventional polymer having a water solubility of 0.1 % by weight or more. Specifically, examples of the water- 
soluble resin are homopolymers or copolymers containing hydrophilic units which Include e.g. polyvinyl alcohol (in- 
cluding partially saponified products), polyacrylic acid, polymethacrylic acid, poly(2-hydroxyethyl acrylate), poly(2-hy- 
droxyethyl methacrylate). poly(4-hydroxybutyl acrylate), poly(4-hydroxybutyl methacrylate), poly(glucosiloxyethyl acr- 
ylate), poly(glucosiloxyethyl methacrylate), polyvinyl methyl ether, polyvinyl pyn^olidone, polyethylene glycol, polyvinyl 
acetal (Including partial-acetal products), polyethylene imine, polyethylene oxide, styrene-maleic anhydride copolymer, 
polyvinyl amine, polyallyl amine, oxazoiine group-containing water-soluble resin, water-soluble melamine resin, water- 
soluble urea resin, alkyd resin, and sulfonamide, as well as salts thereof. These may be used singly or in a combination 
of two or more thereof. 

[0010] The molecular weight of the water-soluble resin used is preferably 1 ,000 to 1 0,000, more preferably 2,000 to 
5,000 in temns of weight average molecular weight. Usually, if the molecular weight of the water-soluble resin is lower 
than 1 , 000, the resulting composition is inferior in coating properties to maice preparation of a uniform coating difficult, 
and the coating Is poor in stability with time, while If the molecular weight Is higherthan 1 0,000, the resulting composition 
shows the phenomenon of stringing at the time of coating, and is poor In spreadabllity on the surface of a resist, thus 
making fomnation of a uniform coating difficult upon dropping in a small amount. 

[0011] The water-soluble crosstinking agent used in the water-soluble resin composition of the present invention Is 
not particularly limited insofar as it is a water-soluble compound crosslinking the water-soluble resin by generating an 
acid. Examples of the water-soluble crosslinking agent which can be used in the present invention include melamine- 
based low-molecular derivatives, guanamine-based low-molecular derivatives, urea-based low-molecular derivatives, 
glycoluril, alkoxy alkylated amino resin etc. 

[0012] The melamine-based low-molecular derivatives include melamine, methoxy methylated melamine, ethoxy 
methylated melamine, propoxy methylated melamine, butoxy methylated melamine and hexamethylol melamine. 
[001 3] The guanamine-based low-molecular derivatives include acetoguanamine, benzoguanamine and methylated 
l^enzoguanamine. The urea-based low-molecular derivatives include urea, monomethylol urea, dimethylol urea, alkoxy 
methylene urea, N-alkoxy methylene urea, ethylene urea, and ethylene urea carboxylic acid. 
[0014] The alkoxy alkylated amino resin includes alkoxy alkylated melamine resin, alkoxy alkylated benzoguanamine 
resin, and alkoxy alkylated urea resin, and specific examples thereof include methoxy methylated melamine resin, 
ethoxy methylated melamine resin, propoxy methylated melamine resin, butoxy methylated melamine resin, ethoxy 
methylated benzoguanamine resin, methoxy methylated urea resin, ethoxy methylated urea resin, propoxy methylated 
urea resin, and butoxy methylated urea resin. 

[0015] These water-soluble crosslinking agents can be used singly or in a combination of two or more thereof, and 
these are compounded in an amount of 1 to 70 parts by weight, preferably 10 to 50 parts by weight, relative to 100 
parts by weight of the water-soluble resin. 

[0016] The surface active agent used in the water-soluble resin composition of the present Inventbn Includes acet- 
ylene alcohols, acetylene glycols, polyethoxylates of acetylene alcohols and polyethoxylates of acetylene glycols. Ex- 
amples of the acetylene akx>hols, acetylene glycols, polyethoxylates of acetylene ak^ohols and polyethoxylates of 
acetylene glycols, which can be used preferably in the present invention, include e.g. those compounds represented 
by formula (I): 



wherein R"' represents a C^.go straight-chain or branched alkyi group, R2 and independently represent H and a C^,^ 
straight-chain or branched alkyI group, represents a C^.go straight-chain or branched alkylene group, k is 0 or 1, 
and m and n independently represent a positive number inclusive of 0. 

[0017] Preferable examples of the acetylene akx>hols, acetylene glycols, polyethoxylates of acetylene alcohols and 
polyethoxylates of acetylene glycols whk:h can be used in the present invention include 3-methyl-1-butyne^-ol, 3-me- 
thyl-1-pentyne-3-ol, 3,6-dlmethyM-octyne-3,6-diol, 2,4,7,9-tetramethyl-5-decyne-4,7-diol, 3,5-dlmethyM-hexyne- 
3-ol, 2,5-dlmethyl-3-hexyne-2,5-dlot, 2,5-dlmethyl-2,5-hexanedlol and polyethoxylates thereof. In particular, tetrame- 
thyldecyne diols such as 2,4,7,9-tetramethyl-5-decyne-4,7-diol and polyethoxylates thereof are preferable. In the 
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present invention, these surface active agents can be used singly or in a combination of two or more thereof, and these 
are compounded in an amount of usually 50 to 2,000 ppm, preferably 1 00 to 1 , 000 ppm, relative to the water-soluble 
resin composition of the present invention. 

[0018] The solvent used in the water-soluble resin composition of the present invention may be any solvent in which 
the compounding ingredients in the water-soluble resin composition can be dissolved but an existing resist pattern 
formed on a substrate as an object of application of the water-soluble resin composition is not dissolved. This solvent 
is usually a solvent containing at least water, and specific examples thereof include water or a mixture of water and 
an organic solvent dissolved in such a range as to be soluble in water. The water used as the solvent in the present 
invention is not particularly limited insofar as it is water, but preferably used is pure water from which organic impurities, 
metal ions etc. have been removed by distillation, deionization, filtration or a wide variety of adsorption treatments. 
[0019] On the other hand, the organic solvent dissolved In water is used usually for the purpose of improving the 
coating properties etc. of the composition. The organic solvent dissolved in water may be any organic solvent known 
in the art Insofar as it is used In an amount in such a range as to be soluble in water. That is, any water-soluble organic 
solvent capable of being dissolved at 0.1 % by weight or more in water can be used. The organic solvent used is 
preferably a water-compatible organic solvent. As the organic solvent which can be used in the present invention, there 
are illustrated, for example, alcohols such as methyl alcohol, ethyl alcohol, isopropyl alcohol, etc.; ketones such as 
acetone, methyl ethyl ketone, 2-heptanone, cyclohexanone, etc.; esters such as methyl acetate, ethyl acetate, etc.; 
ethylene glycol monoalkyi ethers such as ethylene glycol monomethyl ether, ethylene glycol monoethyl ether, etc.; 
ethylene glycol monoalkyi ether acetates such as ethylene glycol monomethyl ether acetate, ethylene glycol monoethyl 
ether acetate, etc.; propylene glycol monoalkyi ethers such as propylene glycol monomethyl ether, propylene glycol 
monoethyl ether, etc.; propylene glycol monoalkyi ether acetates such as propylene glycol monomethyl ether acetate, 
propylene glycol monoethyl ether acetate, etc.; lactic esters such as methyl lactate, ethyl lactate, etc.; aromatrc hydro- 
cart>ons such as toluene, xylene, etc.; amides such as N,N-dlmethylacetamide, N-methylpyrrolidone, etc.; lactones 
such as T^butyrolactone, etc.; and polar solvents such as dimethylfonnamide, dimethyl sulfoxide, cellosoh/e, methyl 
cellosoh^e, butyl cellosolve, cellosolve acetate, butyl carfoitol, carbitol acetate etc. As preferable organic sohfents, there 
are illustrated C^^ lower abohols such as methyl alcohol, ethyl ateohol, isopropyl alcohol etc. , among which Isopropyl 
alcohol is partbularly preferable. These organic solvents can be used singly or In a combination of two or more thereof. 
[0020] The resist material used for forming a resist pattem coated with the water-soluble resin composition of the 
present invention may be any photoresist material known in the art. The photoresist material may be one generating 
an acid by irradiation or heating, or the photoresist material itself may be one not generating an acid by irradiation or 
heating. If the resist material is one essentially not generating an acid by in'adiation or heating, an acki or a material 
generating an acid by irradiation or heating may be added to the resist material. Alternatively, after a resist pattem is 
formed, the resist pattem may be treated with an acid solution or an acid vapor to impregnate the resist pattem with 
the acid. 

[0021] The resist material Is typically a mixture of novolak resin and a naphthoquinonediazide-based photosensitlzer 
or a positive- or negative-working chemteally amplified resist whk^h upon irradiation, generates an acid to form a resist 
pattem by the catalytic action of the acid. 

[0022] The water-soluble resin composition of the present invention can be used in any known methods of th i ckening 
the resist pattem in which a water-soluble resin composition is applied to a resist pattem formed on a substrate to fomri 
a coating layer thereof, then crossiinked by an acid supplied from the resist pattem, followed by removal of the non- 
crosslinked water-soluble resin composition by development. Hereinafter, a prior art method for thtekenlng a resist 
pattem will be described, but is not intended to limit the method of applying the water-soluble resin composition of the 
present invention. 

[0023] First, a photoresist is applied onto a substrate by known techniques such as spin coating. After pre-baking 
(e.g. , for about 1 minute at a baking temperature of 70 to 1 40 *C), the resulting photoresist film is exposed with ultraviolet 
rays such as g-line or i-line, deep ultraviolet rays from a KrF excimer laser or an ArF excimer laser, X rays or electron 
beams and then subjected as necessary to post-exposure bake (PEB) (e.g. at a baking temperature of 50 to 140 ^C), 
developed and baked (e.g. at a baking temperature of 60 to 120 *C} after development if necessary, to form a resist 
pattem. Then, the substrate having this resist pattem thereon is coated with the water-s oluble resin co mposition and 
pre-baked as /lecessary (e.g., at 80 to 1 00 for 60 to 70 seconds) to fomi a coaflng layer film on the resist pattern. 
The method of applying the water-soluble resin composition may be any method, capable of applying the water-soluble 
resin composition onto the resist pattern. As the methods, for example, there are illustrated spin coating method, spray 
coating method, dip coating method, roller coating method etc. which are conventionally used in coating of resists. 
[0024] Then, both the resist pattem formed on the su.bstrate and the coating layer formed thereon are subjected to 
heat-treatment (mixing-bake) thereby i3ronrK>ting the generation and diffusion of an acid iri the resist pattem or promoting 
the diffusion of an acid present previously in the resist pattem, and k>y the acid thus diffused in the coating layer, the 
coating layer is crossiinked. The mixing-bake temperature and the baking time are suitably detennlned depending on 
the resist used, the material for forming the coating layer, and the thickness of coating to be crossiinked, but are usually 
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/about 85 to 150 ""C and about 60 to 120 seconds, respectively. Thecoating layer thus crosslinked is d ^ve|oped with \ 
water, admixture of water and a water-soluble organic solvent, or^ aqueous solution of an alkali such as TMAH 
(tetrartiethylammonium hydroxide) to dissoh^e and remove the non-crosslinked coating layer By the treatment de- 
^^nlsed above, a trench pattem or a hole pattern can effectively be made fine. 

[0025] If the resist can generate an acid upon exposure, the substrate having both the resist pattem and the coating 
layer is exposed as a whole or at desired parts by means of a light source for emitting a light corresponding to the 
exposure wavelength for the resist, and heated as necessary, thus generating an add and diffusing the acid into the 
water-soluble resin composition, whereby the coating layer can be crosslinked as a whole or at the desired parts. 
[0026] The thickness of coating to be crosslinked can be regulated as necessary by suitable selection of, for example, 
the resist material to be used, the thickness of resist coating, the amount of irradiation on the resist, the intensity of 
Irradiation, the irradiation time, heating temperature, heating time, and the water-soluble resin composition to be used. 
The thickness of coating to be crosslinked can also be regulated by suitable selection of the water-soluble resin com- 
position, e.g. selection of the type and amount of the water-soluble resin and the crosslinking agent used therein, or 
the mixing ratio of water-soluble resins or crosslinking agents when plural water-soluble resins or crosslinking agents 
are used in combination. 



Best Mode for Carrying out the Invention 
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[0027] Hereinafter, the present invention will be described more definitely by reference to the Examples, whk^h how- 
ever are not intended to limit the present invention. 



Example 1 (Preparation of water-soluble resin composition A) 



25 



[0028] The respec^e components in the ratio described below were mixed, suff rcientty stinred, dissolved and filtered 
through a 0.2 pm filter to prepare the water-soluble resin composition A. 



30 



(Components) 


(Parts by weight) 


Polyvinyl alcohol 


8.0 


Methoxy methylated melamine 


2.0 


2,4,7,9-Tetramethyl-5-decyne-4,7-diol polyethoxylate 


0.001 


Isopropyl alcohol 


10.0 


Water 


79.999 
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Comparative Example 1 (Preparatton of water-soluble resin composition B) 



[0029] The water-soluble resin composition B was prepared in the same manner as in Example 1 except that the 
respective components in the ratio described below were used. 
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(Components) 


(Parts by weight) 


Polyvinyl alcohol 


8.0 


Methoxy methylated melamine 


2.0 


Isopropyl alcohol 


10.0 


Water 


80.0 



Comparative Example 2 (Preparation of water-soluble resin composition C) 
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[0030] The water-soluble resin composition C was prepared in the same manner as in Example 1 except that the 
respective components in the ratio described below were used. 
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(Components) 


(Parts by weight) 


Polyvinyl alcohol 


8.0 


Methoxy methylated nnelamine 


2.0 


Megafac R-08 (Dainippon Ink and Chemicals, Inc.) 


0.001 


Isopropyl alcohol 


10.0 
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(continued) 



(Components) 


(Parts by weight) 


Water 


79.999 



Example 2 (Evaluation of the water-soluble resin composition A) 

Formation of line and space pattems 

[0031] A positive-working photosensitive resin composition AZ® 7900 (manufactured by Claiiant Japan K.K.) was 
applied by a spin coater MK-V made by Tokyo Elertron Ltd. onto a 6-inch silicon wafer previously treated with HMDS 
(hexamethyl disilazane), followed by pre-baking thereof on a hot plate at 90^*0 for 60 seconds to give an about 0.96 \l 
m resist film thereon. Using an exposure unit (LD-5015iCW made by Hitachi, Ltd., NA = 0.50) having the exposure 
wavelength of i-line (365 nm), the resist film was exposed through line and space patterns having a variety of line and 
space widths and then subjected to post exposure baking (PEB) on a hot plate at 110 *C for 60 seconds, followed by 
spray puddle development for 1 minute at 23''C with an alkali developing solution manufactured by Clariant Japan K. 
K. (AZ® 300 ly^lF developer, 2.38 welght-% aqueous tetramethylammonium hydroxide) to give positive-working resist 
pattems. 

Fomiatlon of contact hole pattems 

[0032] A positive-working photosensitive resin composition AZ® DX3200P (manufactured by Clariant Japan K.K.) 
was applied by a spin coater MK-V made by Tokyo Electron Ltd. onto a 6-inch silicon wafer previously treated with 
HMDS followed by pre-baking on a hot plate at 80 •C for 60 seconds to give an about 0.8 \i m resist film thereon. Using 
an exposure unit (FPA-3000EX5 made by Canon Inc., NA = 0.63) having the exposure wavelength of KrF laser (248 
nm), the resist film was exposed through hole patterns having a variety of hole diameters and then subjected to post 
exposure baking (PEB) on a hot plate at 11 C'C for 60 seconds, followed by spray puddle development for 1 minute at 
23 ""C with an alkali developing solution (AZ® 300 MIF developer manufactured Isy Clariant Japan K.K., 2.38 weight- 
% aqueous tetramethylammonium hydroxide) to give positive-working resist pattems. 

Evaluation of coating characteristfcs 

[0033] The water-soluble resin composition A was applied by a spin coater LT-1 000 made by Litho Tech Japan co. 
on the line and space resist pattems and the contact hole resist pattems fomned by above-described methods and 
then baked on a hot plate at 85 •C for 70 seconds to prepare a water-soluble resin coating of about 0.4 |i m in thickness. 
Whether coating defects such as striations and fish eyes had occurred on the coating film on thelmeand space resist 
pattems or the contact hole resist pattems were examined by eyes and under an optical microscope to evaluate the 
coating characteristics thereof. The results are shown in Table 1 . 
[0034] Coating characteristk:s were evaluated according to the following criteria: 

(Criteria for evaluation of coating characteristics) 

[0035] 

O: Unevenness on the coating, such as fish eyes and striations, is not observed and a uniform coating film Is formed. 
A: A satisfactory film Is formed without repelling such as fish eyes, but unevenness such as striations on the coating 
is observed because of insufficient covering characteristics on steps of the resist pattems. 
x: Repelling such as fish eyes occurs, and it Is difficult to fonn a satisfactory film. 

evaluatton of degrees of reduction in size 

[0036] The water-soluble resin was applied by a spin coater LT-1 000 made by LItho Tech Japan Co. onto the line 
and space resist pattems and the contact hole resist pattems formed by above-described methods and then baked on 
a hot plate at 85 •C for 70 seconds to prepare a water soluble resin film of about - 0.4 [im in thbkness thereon. Then, 
the specimens were subjected to mixing bake on a hot plate at 110*C for 90 seconds so that crosslinking reaction 
progressed, followed by development thereof with pure water at 23 •C for 1 minute to remove the non-crosslinked 
layer, whereby a crossiinked Insotubitlzed layer of the water-soluble resin film was obtained on the line and space resist 
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patterns and the contact hole resist patterns. Further, the specimens were subjected to balcing treatment for drying on 
the hot plate at 1 1 0 for 1 20 seconds. For evaluation of degrees of reduction in size, the space width of the line and 
space pattern and the hole diameter of the contact hole pattem before and after formation of the insolubllized layer 
were measured by a unit (S-7280H) for high-accuracy evaluation of outward appearance rtiade by Hitachi, Ltd., and 
the evaluation was conducted by comparing changes in the measured values. Tni^^grees of reduction in)size were 
determined according to the following equation. The results are shown in Table 1. 



10 



Degree of reduction in size (%) = [(size before fonnation of 

the Insolubilized layer) - (size after fonnation of the 



15 



insolubilized layer)] / (size before fonnation of the 
insolubilized layer)] x 100 
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Comparative Examples 3 and 4 (Evaluation of the water-soluble resin compositions B and G) 

[0037] The coating characteristics and the degrees of reduction in size were evaluated in the same manner as in 
Example 2 except that the water-soluble resin compositions B and C were used in place of the water-soluble resin 
composition A. The results are shown in Table 1 . 

Table 1 





Water-soluble resin 
composition 


Coating characteristics 


Degree of reduction in size 


AZ7900 


AZ DX 3200P 


AZ7900 


AZ DX 3200P 


Example 2 


A 


O 


O 


\^^43^ 


51.0 J 


Comparative Example 3 


B 


A 


A 


37.1 




Comparative Example 4 


C 


X 


X 


37.6 


46.8 
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Effect of the Invention 
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[0038] As is evident from the foregoing description, the water-soluble resin composition of the present invention is 
excellent In coating characteristics on a step of a resist pattem and in regulation of the size of its hardened film. There- 
fore, regardless of the surface conditions of a substrate, pattern gaps between resist patterns can be made fine effec- 
tively and accurately, and a pattem exceeding a wavelength limit can be formed excellently and economically. Further. 
the fine resist pattem thu sfomried can.be,used.as.a.D3ask to form reduced trench pattemsand holes ori semicpndijctor-.^ 
"^bg tetesrw liereby semiconductor devices etc. having the fine trerjch^ patteros,or;hole s can be produced easily in 
high yield. 



45 



Industrial Applicability 

[0039] As described above, the water-soluble resin composition of the present invention can be used effectiyely^i^^ 
a process for producing semiconductor devices etc. for reducing the size of spaces In the resist patterns bv^tfiickening ; ] 
resist patterns formed to effectively make fine trench patterns or hole patterns. ^ — 
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1 . A water-soluble resin composition comprising a water-soluble resin, a water-soluble crosslinking agent, a surface 
active agent and a sohrent and bringing about crosslinking reaction in the presence of an acid, wherein said surface 
active agent Is at least one member selected from acetylene alcohols, acetylene glycols, acetylene alcohol poly- 
ethoxylates, and acetylene glycol polyethoxylates. 



2. The water-soluble resin composition according to claim 1 , wherein said surface active agent is at least one member 
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selected from tetramethyldecynediol and tetramethyldecynediol polyethoxylates. 

The water-soluble resin composition according to claim 1 or 2, wherein the content of said surface active agent In 
the water-soluble resin composition is 50 to 2,000 ppm. 

The water-soluble resin composition according to any one of claims 1 to 3, wherein said water-soluble resin is at 
least one member selected from polyvinyl acetal and polyvinyl alcohol. 

The water-soluble resin composition according to any one of claims 1 to 4» wherein said water-soluble crosslinlcing 
agent is at least one member selected from melamine based low-molecular derivatives, guanamine based low- 
molecular derivatives, urea based low-molecular derivatives, gtycoluril and alkoxy alkylated amino resin. 

The water-soluble resin composition according to any one of claims 1 to 5, wherein said solvent Is water or a 
mixture of water and an organic solvent compatible with water. 

The water-soluble resin composition according to claim 6, wherein said organic solvent compatible with water is 
a to C4 alcohol. 

The water-soluble resin composition according to claim 7, wherein said Ci to C4 alcohol is isopropyl ateohol. 
A fine-pattern-fomning material comprising a water-soluble resin composition according to claims 1 to 8. 
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